A country-wide malaria survey in Mozambique. I. Plasmodium falciparum infection in children in different epidemiological settings by Mabunda, Samuel et al.
BioMed  Central
Page 1 of 11
(page number not for citation purposes)
Malaria Journal
Open Access Research
A country-wide malaria survey in Mozambique. I. Plasmodium 
falciparum infection in children in different epidemiological settings
Samuel Mabunda*1,2, Sónia Casimiro1,2, Llorenç Quinto3,4 and 
Pedro Alonso3,4
Address: 1National Malaria Control Programme, Maputo, Mozambique, 2National Institute of Health, Maputo, Mozambique, 3Centre for 
International Health, Institut d'Investigacions Biomedicas August Pi i Sunyer (IDIBAPS), Barcelona, Spain and 4Centro de Investigaçao em Saude 
da Manhiça, Maputo, Mozambique
Email: Samuel Mabunda* - sjamabunda@gmail.com; Sónia Casimiro - slrcasimiro@yahoo.com.br; Llorenç Quinto - lquinto@clinic.ub.es; 
Pedro Alonso - palonso@clinic.ub.es
* Corresponding author    
Abstract
Background: Across tropical Africa the bulk of malaria-related morbidity and mortality is particularly high during
childhood. Classical malariometric surveys have relied on assessing malaria infection prevalence. The last
comprehensive evaluation of the malaria situation in Mozambique was carried out during the 1950s. This study
aims to characterize the malaria transmission intensities and to estimate the disease burden that may help guide
control programme.
Methods: Between February 2002 and April 2003, a house-to-house survey, was carried out in 24 districts
randomly selected. A total of 8,816 children aged below 10 years old were enrolled. Finger prick and blood
collection were performed to prepare thick and thin films for malaria parasite species identification, density and
haemoglobin concentration. Axillary temperature was also measured. Prevalence of infection, parasite density and
anaemia were estimated for age groups category in each region/stratum. Comparisons between proportions were
made using Chi-square test or Fisher exact. Relationship between age groups, region/stratum and parasite
prevalence, density was determined using linear regression. All survey mean estimations were adjusted for
sampling weights, clustering and stratification.
Results: Malaria parasite prevalence was 58.9% (5.190/8.816), the majority of blood smears 52.4% (4,616/8,816)
were due to Plasmodium falciparum and geometric mean parasite density was 1,211 parasites/μl (95% CI, 1,141 –
1.286). Gametocytes prevalence, only for P. falciparum was 5.6% (518/8,816). The burden was highest in the
northern regions and in the coastal stratum. Parasite infection and geometric mean parasite density peaked during
the second year of life and thereafter decreased with increasing age. Mean haemoglobin concentrations was 9.9
g/dl (95% CI 9.5 – 10.2). Anaemia prevalence was 69.8% (6.257/8.816) and among anaemic children 11.5% (743/
6.257) were severely anaemic. Anaemia rose dramatically during the first year of life to peak among children in
the 12 – 23 months age group. Highest levels of anaemia were recorded in both northern and central-northern
regions 77.9% and 79.4% respectively.
Conclusion:  This survey confirms that malaria especially that caused by P. falciparum, remains endemic
throughout the country. The burden of malaria disease and anaemia-related malaria during childhood constitute
a major public health problem and warrant integrated and collaborative interventions towards its control.
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Background
Malaria, especially that caused by Plasmodium falciparum,
remains one of the most important causes of morbidity
and mortality among impoverished communities across
endemic regions of sub-Saharan Africa [1-3]. Conservative
estimates of the burden of disease claim for more than
300 million clinical episodes and 1–3 million deaths
every year, and young children harbour the large and most
important portion of this toll [4-7]. Nevertheless, the true
magnitude and impact of the disease remain imprecise
[8,9].
Traditionally, estimation of the burden of malaria relies
primarily on mortality and morbidity data collected by
the health system information. In most endemic malaria
countries in sub-Saharan Africa, the existing health infor-
mation systems report merely hospital-based data. More-
over, the health system network do not cover the
immense rural areas where the majority of the popula-
tions live, hence a substantial number of malaria cases
and deaths occurring beyond the formal health system are
not reported in either hospital or national vital statistics
[10,11].
Recently, data from surveys carried out in several malaria
endemic regions have been used for evaluating the pat-
terns of malaria infection endemicity across regions and
mapping malaria prevalence to estimate population at
risk [12-14]. Moreover, routine assessment of malaria
infection prevalence is essential to an effective planning,
implementing and monitoring of malaria control inter-
ventions [15]. The last comprehensive assessment of
malaria prevalence in the country was carried out during
the early 1950's.
A countrywide survey was conducted to perform a meth-
odologicaly sound assessment of the epidemiological
malaria situation in order to determine the prevalence
and intensity of infection among children less than 10
years of age across different ecological settings in the
country. This study was part of a routine malaria surveil-
lance conducted by the National Malaria Control Pro-
gramme – Ministry of Health.
Materials and methods
Study area
A country-wide survey was conducted in Mozambique,
from February 2002 to April 2003. The country is
stretched north-to-south, and thus was stratified into four
regions namely northern, centre-northern, central and
southern. Each region encompasses three distinct ecolog-
ical settings distinguished as stratum coastal with altitude
below 200 meters above sea level, where the majority of
population inhabits; stratum plateau with altitude
between 200 and 600 meters above sea level, and high-
land stratum situated above 600 meters above sea level.
The climate is tropical and humid, commonly influenced
by the monsoons from the Indian Ocean and the hot cur-
rent of the Mozambique Channel. There are predomi-
nantly two climatic seasons, one hot and wet from
September/October to April/May characterized by tropi-
cal rainstorm, high temperatures and high relative humid-
ity. The dry and cold season characterised by windy
weather and relatively low temperatures.
The wet season lasts for about six to eight months in the
central and northern regions, while in southern region is
much shorter between four and six months.
In areas of high altitude the annual average temperature
varies between 18°C and 20°C, whilst the coastal stratum
in the northern and centre-northern regions, the annual
average temperatures varies between 26°C and 28°C, and
in the coastal plains of the southern region the annual
average temperatures varies between 22°C and 26°C. In
the Plateau strata, the average temperatures are much
higher, generally above 28°C.
Malaria, predominantly caused by Plasmodium falciparum,
is endemic. Transmission is perennial with peaks during
and after rainy seasons. The most important vectors
responsible for transmission belong to the Anopheles gam-
biae complex and the Anopheles funestus group.
Sampling method and study population
A modified two-stage cluster-sampling method was
adopted. The primary sampling units were the districts. In
total, 24 districts were randomly selected, and 30 cluster
units were designed per district. A cluster unit consisted of
eight congregated households chosen randomly. In each
district the list with estimated number of households for
all Administrative Units was produced from the 1997 cen-
sus data. The number of clusters to be sampled in each
Administrative Units was calculated based on the sam-
pling with probability proportional to the population size
of the Administrative Unit.
All children aged below ten years of life, living in the
selected households, were eligible for the survey. Oral
informed consent was obtained and a questionnaire was
completed by well-trained team members.
Clinical and laboratory procedures
In each participating child axillary temperature was meas-
ured using electronic thermometer. Blood samples were
collected to prepare thick and thin film for parasitological
examination. Simultaneously blood samples were used toMalaria Journal 2008, 7:216 http://www.malariajournal.com/content/7/1/216
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estimate haemoglobin concentration using the HemoCue
System (HemoCue, Anglholm, Sweden).
Fever was defined as an axillary temperature ≥ 37.5°C.
Anaemia was defined as haemoglobin concentration
value below the age specific level; for children under five
years old was 11.0 g/dl and from 5 to 11 years old was
11.5 g/dl. Children presenting with fever and positive for
the rapid malaria test, received a treatment dose of chloro-
quine or alternatively sulphadoxine/pyrimethamine,
accordingly to the national policy.
Thick and thin blood films were stained with Giemsa fol-
lowing standard quality-controlled procedure [8] and
examined twice for malaria parasites species identification
and density by trained microscopists, in the laboratory of
the National Institute of Health – Ministry of Health.
Cases of discrepancy between the two readings, as well as
a random control check of 10% of the slides, were per-
formed by a third microscopist. Parasite densities were
obtained counting the number of asexual P. falciparum
parasites per 500 leukocytes and a final density was calcu-
lated using an assumed leukocyte count of 8,000/mm3.
Data management and statistical analysis
Data collected were double-entered using a Data Manage-
ment for Field Trials (DMFFT2) run over a Windows NT
network and cleaned before databases were locked. A data
manager performed daily cross-checking routines to com-
pare and correct any discrepancies between the two
entries. Discordances detected at this point were recorded
in a log file permitting quality control of the data checking
process.
Checks for duplicate records, completeness of the data-
bases, consistency and referential integrity were also per-
formed, and the final analysis was conducted using Stata
8.1 (Stata Corporation, College Station, TX, USA). Chil-
dren were grouped into five age group categories: less than
12 months of age; 12 to 23 months; 24 to 59 months of
age; 5 to less than 7 years of age; and 7 to less than 10 years
of age.
The summary measures of all categorical variables con-
sisted of means, the percentages, the 95% confidence
interval and standard deviations for continuous variables.
Accounting for the sample design, there are three factors
arising from the design of data collection procedure,
namely: Sampling Weights, Clustering and Stratification.
Sampling weights
Observations were selected through a random process,
hence may have different probability of being selected;
Clustering – Observations were sampled as a group (clus-
ters), therefore, not independently; and Stratification –
The stratum categorization was made in advance and sam-
pling was done independently across each strata. Conse-
quently, strata and regions are statistically independent
and therefore can be analysed as such. Adjustments to the
weights were done and the estimators obtained were
approximately unbiased for all point prevalence esti-
mated.
Therefore, clustering and the stratification of the survey
design was considered and estimates of standard errors,
valid p-values, and confidence intervals whose true cover-
age are close to 95% were attained. Additionally to han-
dling Clustering and Stratification effects, the design
effects to measure how the survey design affects variance
estimates were calculated. Thus, all survey mean estima-
tions were adjusted for sampling weights, stratification
and clustering. The design effect "deff" was computed
automatically.
The prevalence of falciparum malaria infection, fever and
malaria parasite infection associated with fever were esti-
mated for each age group category for each region and
stratum. Parasite density for each age group is shown as
geometric mean parasite density, after log10 transforma-
tion. Comparisons between proportions (in different age
groups) were carried out using the Chi-square test (χ2 test)
of Pearson or Fisher exact test if any expected frequency is
lower than 5. The relationship between age, stratum or
region and fever prevalence, parasite prevalence, parasite
density and anaemia was determined using linear regres-
sion method.
Results
Demographic characteristics of children
Of the 8,816 children enrolled during the survey 47%
(4,143/8, 8816) were male and 53% (4,763/8,816) were
female. The mean age was 42 months, and the 24–59
months age group was the largest category 39.9% (3,515/
8,816)
Laboratory and clinical findings
Overall, 58.9% (5,190/8,816) of blood smears obtained
from participating children were positive for malaria par-
asites. The summary of some malariometric indicators are
illustrated in Table 1. The majority of blood smears,
52.4% (4,616/8,816) exhibited a pure P. falciparum infec-
tion, 3.6% (321/8,816) were Plasmodium malariae and
2.9% (253/8,816) were mixed infections of P. falciparum
and P. malariae. Gametocytes (sexual forms) only for P.
falciparum  were recorded in 5.9 % (518/8,816) of all
blood smears. There were no records of infections by
other parasite species, namely Plasmodium ovale or Plasmo-
dium vivax.  P. falciparum accounted for 88.9% (4,616/
5.190) of all malaria parasite infections. The overall geo-
metric mean parasite density only for P. falciparum asexualMalaria Journal 2008, 7:216 http://www.malariajournal.com/content/7/1/216
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parasites was 1,211 parasites/μl (95% CI, 1,141 – 1.286).
Axillary temperature ranged between 35.1°C and 40.5°C
(SD 0.67). The mean temperature was 36.7°C (95% CI
36.6°C – 36.9°C). Haemoglobin concentrations ranged
from 1.5 to 19.7 g/dl, and overall mean estimation was
9.9 g/dl (95% CI 9.5 – 10.2). The prevalence of anaemia
was 69.8% (6.257/8.816) and among anaemic children
11.5% (743/6.257) were severely anaemic.
Overall mean estimation of malaria parasite prevalence 
and mean parasite density
The study area was markedly endemic for P. falciparum,
hence attention was limited to P. falciparum infections.
Overall, prevalence of P. falciparum was 52.4% (4,616/
8,816) (95% CI, 40.0% – 57.3%). Figure 1, depicts the
distribution of malaria infection prevalence among chil-
dren under ten years old. There was a significant variation
between age groups (p = 0.0002). It increased with age
from 42.2% in children less than 12 months old to reach
a peak of 55.4% among children aged between 12 – 23
months old, and thereafter it decreased progressively to
the lowest prevalence of 39.3% among older children in
the seven years to less than 10 years old age group. In rela-
tion to gender, the proportions of P. falciparum infection
among boys and girls were not significantly different (p =
0.746).
Overall, mean parasite density increased during the first
year of life from 1,671 parasites/μl (95% CI 1,425.21 –
1,961.83), peaking among the children 12 – 23 months
age group to 1,939 parasites/μl (95% CI 1,698 – 2,213).
The distribution among age groups showed significant
differences (p = 0.0001). Despite, the presence of rela-
tively high prevalence of P. falciparum parasites among
older children, low mean parasite densities were confined
to older children. Based on age-specific densities, mean
parasite density showed also an age-dependent variation
(p = 0.0001), decreasing dramatically with age, as illus-
trated in Figure 1.
Overall Plasmodium falciparum prevalence and mean parasite  density among children less than ten years of age in Mozam- bique Figure 1
Overall Plasmodium falciparum prevalence and mean 
parasite density among children less than ten years 
of age in Mozambique.
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Table 1: Overall distribution of malariometric indicators by age groups among children in Mozambique
Mean Estimation <12 m 12–23 m 24–59 m 5 – <7 y 7 – <10 y p-Value
P. falciparum
(%)
48.6 42.2 55.4 51.3 48.1 39.3 0.0002
Parasite density
(CI 95%)
1,211
(1,141–1,286)
1,671
(1,422–1,963)
1,939
(1,698–2,213)
1,172
(1,072–1,281)
673
(577–785)
650
(538–784)
Fever
(%)
9.4 15.1 13.2 7.1 5.9 6.5 0.0000
Fever & parasites
(%)
6.3 10.6 10.3 4.6 3.2 3.3 0.0000
Haemoglobin
(CI 95%)
9.9
(9.5–10.2)
9.2
(8.6–9.8)
9.0
(8.7–9.4)
9.9
(9.7–10.3)
10.6
(10.3–10.9)
10.9
(10.7–11.3)
Anaemia
(%)
69.8 81.2 83.6 70.7 53.4 46.5 0.0000
Gametocytes
(%)
5.6 6.5 7.2 5.8 3.5 3.3 0.0285
P. malariae
(%)
3.6 3.2 5.2 3.9 3.1 1.1 0.0172
Mixed infection
(%)
2.9 2.6 4.9 3.0 2.6 0.3 0.0003
P. falciparum = Asexual forms; Gametocytes = Sexual forms only for P. falciparum; Mixed infection = Concomitant presence of P. falciparum and P. 
malariae; Parasite Density = Geometric mean parasite density only for P. falciparum, after log10 transformation (expressed as asexual parasites/μl; 
Fever = Axillary temperature ≥ 37.5°C; Fever & Parasites = Fever associated with one or more asexual forms of P. falciparum parasites; Anaemia = 
Haemoglobin < 11 g/dl.
NB.: All point prevalence are mean estimation adjusted for stratification, clustering and design effect.Malaria Journal 2008, 7:216 http://www.malariajournal.com/content/7/1/216
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Overal, prevalence of P. falciparum gametocytes was 5.6%
(95% CI, 3.6% – 7.5%). The highest prevalence of game-
tocytes (7.2%) was recorded among children in the 12 –
23 months age group. Thereafter, the prevalence of game-
tocytes decreased with age. Although, there was a signifi-
cant variation between age groups (p = 0.029), there were
no significant differences between boys and girls (p =
0.158).
Plasmodium malariae prevalence was 3.6% (95% CI, 1.3%
– 5.9%). It increased from 3.2% during the first 12
months of life, peaking among children in the 12 – 23
months age group, afterwards decreased rapidly with age
(Figure 2). Variations on distribution among age groups
were statistically significant (p = 0.017), but no significant
differences were observed between male and female chil-
dren (p = 0.435). Overall, prevalence of mixed infection
was 2.9% (95% CI, 0.6% – 5.3%). The highest prevalence
(4.9%) was recorded among children aged between 12
and 23 months. Rare mixed infection were recorded in
older children, and there were no significant differences
between boys and girls (p = 0.313).
Prevalence of fever and fever associated with malaria 
parasites
Overall, fever prevalence (axillary temperature ≥ 37.5°C)
among children was 9.4% (766/8,816). The prevalence of
fever peaked among children during the first 12 months
of life [15.1% (206/1,517)]. The lowest fever prevalence
of 5.9% (67/1,224) was recorded among children in the
5- to 7-year age group. Similarly to malaria parasite den-
sity, fever prevalence decreased rapidly with age.
Overall the prevalence of fever associated with P. falci-
parum  infections (asexual forms) accounted for 5.7%
(498/8,816). The prevalence of malaria infection associ-
ated with fever peaked among children during the first
year of life and thereafter decreased sharply with increas-
ing age, and the differences among age groups were statis-
tically significant (p < 0.001).
The risk of being febrile increased with increasing parasite
density, particularly from parasite density category equal
or higher than 5,000 parasites/μl. High P. falciparum par-
asite densities were significantly associated with fever (p <
0.05). According to age group, the risk of fever increased
during the first 12 months of life and thereafter decreased
significantly with age (p < 0.0001).
Across the study area there were significant regional varia-
tions (p < 0.001). The highest prevalence of malaria infec-
tion associated with fever was recorded in the northern
region and the lowest was recorded in the southern
region.
Overall mean estimation of haemoglobin and prevalence 
of anaemia
Overall, mean estimation of haemoglobin concentration
was 9,9 g/dl (95% CI, 9.5 – 10.2), the prevalence of anae-
mia using the 11.0 g/dl altitude adjusted race-specific
WHO cut off was 69.8% and among anaemic children
11.5% had severe anaemia (haemoglobin less than 5 g/
dl).
There was considerable variation in the prevalence of
anaemia among age groups (p < 0.0001). In general, all
age groups had low haemoglobin concentration, and con-
sequently high levels of anaemia prevalence. Children
during the second year of life had the lowest haemoglobin
concentration, thereafter, haemoglobin concentration
increased with increased age as is illustrated Figure 2.
There were no significant differences between male and
female children in mean haemoglobin concentration or
prevalence of anaemia at any level (p = 0.554).
Approximately half of anaemic children had P. falciparum
parasites infection associated, while P. malariae infections
were recorded in 4.5%, and mixed infections by P. falci-
parum and P. malariae accounted for 3.6% among anae-
mic children.
Regional variations
Overall, the prevalence of malaria infection showed vari-
ations throughout various regions in the country, decreas-
ing from north-to-south (Figure 3). The highest overall
prevalence of P. falciparum infection was recorded in both
northern and the central-northern regions 54.8% (1,313/
2,387) and 58.7% (992/1,929), respectively. Whereas the
Overall mean haemoglobin concentration and prevalence of  anaemia among children less than ten years of age in Mozam- bique Figure 2
Overall mean haemoglobin concentration and preva-
lence of anaemia among children less than ten years 
of age in Mozambique.
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lowest overall prevalence of 36.8% (1,180/2930) and
44.6% (613/1,570) corresponding to central and south-
ern regions.
In the northern and central-northern regions, the preva-
lence of P. falciparum infection, increased during the first
12 months of life from 47.5% and 64.3%, peaking to
63.3% and 67.7%, respectively among the 12 – 23
months age group children, and thereafter decreased pro-
gressively with age. Only in the central-northern region,
significant differences in age group variations were
observed (p = 0.042). Within the same age groups, the
peak observed of 41.2% and 44.9% across central and
southern regions respectively, was much lower. Thereaf-
ter, the prevalence decreased slightly with very little varia-
tion among older children. Differences in the distribution
between age groups were observed only for the central
region (p < 0.0001).
Across strata, there was a significant decrease of P. falci-
parum  infection prevalence from the low lands of the
coastal stratum to the highland stratum in both central (p
= 0.02) and southern (p = 0.004) regions, while the varia-
tions observed across strata in the northern region and in
the northern-central region were not statistically signifi-
cant (Figure 4).
Similarly, the overall mean parasite density showed a con-
siderable regional variation. High mean parasite density
of 2,058 parasites/μl (95% CI, 1,836–2,306) was recorded
in children across the central-northern region, and young
children below 12 months of age harbour the maximum
load of parasite density 3,494 parasites/μl, (95% CI
2,641–4,621). Comparatively, low mean parasite density
of 891 parasites/μl (95% CI, 799–994) was recorded
among children in central region. The overall mean para-
site density in the northern and southern regions was
1,077 parasites/μl (95% CI, 965–1,200) and 1,193 para-
sites/μl (95% CI, 1,025 – 1,388), respectively.
Generally, in both northern regions, mean parasite den-
sity peaked during the first 12 months of age, while in cen-
tral and southern regions the peak was recorded later
among children in the 12 – 23 months of life. Nonethe-
less, in all regions, parasite mean densities were markedly
age-dependent, and decreased sharply with age (p <
0.0001).
There was a significant regional variation on the preva-
lence of P. falciparum gametocytes (p = 0.002). Neverthe-
less, no significant differences were observed across strata
of all regions (p = 0.55). Overall the central and central-
northern regions recorded the highest prevalence of game-
tocytes 7.3% (131/2,387) and 8.2% (136/1,929), respec-
tively. The lowest prevalence was recorded in the southern
region 2.0% (29/1,570).
Regions with low prevalence showed an erratic distribu-
tion of gametocytes, according to age groups. However,
across regions with high gametocytes prevalence, it
increased among children less than 12 months of age, and
peaking among children in the 12–23 months of age. In
the central-northern region the peak was observed earlier
during the first 12 months of age. Thereafter, the preva-
lence of gametocytes decreased considerably with age (p =
0.029).
The prevalence of P. malariae parasites was relatively low
in the study area, accounting for 3.6% (518/8,816) of
malaria infections. Overall, the prevalence of P. malariae
infection showed significant regional variations (p =
0.013). The highest was recorded in the central-northern
regions 7.4% (124/1,929). While in the central region was
recorded the lowest prevalence 1.4% (59/2,930). Across
strata, there was a significant decrease of P. malariae infec-
tion prevalence from 6.8% in the low lands of the coastal
stratum to 1.7% in the highland stratum (p = 0.026).
In general, the prevalence of P. malariae infection varied
significantly with age (p = 0.02). The peak of infection was
recorded among younger children aged between 12 – 23
months old, and thereafter decreased gradually with age.
No difference was observed between males and females.
Episodes of mixed infections were observed predomi-
nantly in the central-northern region 7.0% (117/1,929)
Overall prevalence of Plasmodium falciparum infection among  children less than ten years of age, across regions in Mozam- bique Figure 3
Overall prevalence of Plasmodium falciparum infec-
tion among children less than ten years of age, across 
regions in Mozambique.
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Mean estimation point prevalence of Plasmodium falciparum infection among children aged bellow ten years old across different  epidemiological settings in Mozambique Figure 4
Mean estimation point prevalence of Plasmodium falciparum infection among children aged bellow ten years 
old across different epidemiological settings in Mozambique.
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and in the northern region 3.1% (82/2,387). The occur-
rence of mixed infections in both central 0.9% (41/2,930)
and southern 0.8% (13/1,570), regions were negligible.
Variations in the distribution of mixed infection showed
significant differences among age groups. The peak of
mixed infections was recorded among children in the
24–59 months age group.
Prevalence of fever and fever associated with malaria 
parasites infection
Overall, high fever prevalence were recorded in the north-
ern and central-northern regions 12.8% (287/2,387) and
10.8% (187/1,929), while in the central and southern
region were recorded the lowest fever prevalence of 6.9%
(185/2,930) and 7.2% (107/1,570) respectively.
Although the prevalence of fever showed significant
regional variations (p = 0.019), declining from north to
south following the same pattern of malaria parasites
infection distribution, there were no significant differ-
ences within strata across the regions. In all regions fever
prevalence decreased with age, though a slight increase
were observed among children aged 7 years and above,
except in the central-northern region.
Fever associated with malaria parasites was markedly high
in the northern and central-northern regions; 9.1% (199/
2,387) and 8.4% (139/1,929), respectively. The central
region registered the lowest prevalence of fever associated
with parasites 6.9% (101/2,930). In spite of high varia-
tions of the proportions of fever associated with malaria
parasites, the differences across regions were not statisti-
cally significant (p = 0.108).
Overall mean haemoglobin and prevalence of anaemia
Mean haemoglobin concentration showed insignificant
differences between regions. In general, there was some
degree of variations on mean haemoglobin concentration
across regions. The northern and central-northern regions
recorded mean haemoglobin of 9.4 g/dl (95% CI, 8.3 –
10.4) and 9.4 g/dl (95% CI, 8.5 – 10.3), respectively. A
slightly higher mean haemoglobin concentration of 10.2
g/dl (95% CI, 9.8 – 10.7) and 10.4 g/dl (95% CI, 9.8 –
10.9) were recorded in the central and in the southern
regions, respectively.
According to age groups, mean haemoglobin concentra-
tion, increased significantly with age only within the cen-
tral (p < 0.05) and southern (p < 0.005) regions. In the
northern regions also increased, but without significant
differences among age groups.
Overall, the highest levels of anaemia prevalence were
recorded in the northern and central-northern regions
77.9% and 79.4% respectively (Figure 5). Although signif-
icant regional differences on the levels of anaemia (p =
0.0002), coincidently, in all regions the prevalence of
anaemia rose dramatically among children less than 12
months of age to peak in children in the 12 – 23 months
age group. There were not differences on anaemia preva-
lence across strata, except within the northern region
where the coastal stratum had high proportion of anae-
mia and significantly different from other strata (p =
0.049).
The levels of severe anaemia were higher among children
in the northern and central northern regions 2.2% and
1.6%. The lowest prevalence of severe anaemia was
recorded in the southern region (0.3%), and the differ-
ences observed between regions were statistically signifi-
cant (p = 0.031). Overall, the peak was recorded among
children in the 12 – 23 months age group. However, the
northern region recorded the highest peak (3.9%) of
severe anaemia prevalence among children aged below 12
months. Unlike prevalence of anaemia, severe anaemia
decreased sharply with age. In the southern region there
were no records of severe anaemia among children aged 5
years and above.
Comparison among anaemic and non-anaemic subjects
in all regions, revealed a significant association between
prevalence of anaemia and malaria parasite infections.
Among anaemic children 54.0% had P. falciparum para-
sites, while among non-anaemic 37.6% had malaria infec-
tion associated (p = 0.011).
Discussion
Planning and monitoring of malaria control programmes
requires good quality data that can define disease burden
across geographical and ecological areas in a country. A
nationwide survey was performed to assess the malaria
disease burden, by estimating the prevalence and intensity
of  Plasmodium  infections and anaemia in children less
than 10 years of age across different ecological settings in
Mozambique.
Overall, the prevalence of malaria infection and parasite
density among children was markedly age-dependent,
peaking during the first year of life, and thereafter declin-
ing with increasing age, as described previously in other
malaria endemic areas across tropical Africa [16,17],
which traditionally has been interpreted as a slow build
up of anti-parasite immunity. Therefore, as children grow
up exposed to repeated infective mosquito bites, they
acquire an ability to limit the occurrence of high density
infections, and to reduce the occurrence of fever [17].
This study highlighted variations on the intensity of
malaria infection across the country, decreasing from
northern to southern regions and from low lands in theMalaria Journal 2008, 7:216 http://www.malariajournal.com/content/7/1/216
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Mean estimation point prevalence of anaemia among children aged bellow ten years old, across different epidemiological set- tings in Mozambique Figure 5
Mean estimation point prevalence of anaemia among children aged bellow ten years old, across different epi-
demiological settings in Mozambique.
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coastal and plateau strata to the highlands stratum. In
general the heterogeneity in malaria transmission and its
intensity within regions could be explained by the
regional variations on the amount of rainfall, average air
temperatures, humidity and also on the human popula-
tion distribution. These findings corroborate with the
results from the first and only attempt to evaluating the
malaria situation nationwide conducted by Soeiro et al
during the 1950s, which showed highest prevalence of
malaria infections in the centre-northern region and in
the coastal areas of the country [18]. Despite, malaria con-
trol efforts (i.e. insecticide indoor residual spraying
restricted to major urban areas and case management)
that have subsequently been implemented throughout
the country, may have reduced malaria infection trans-
mission, 50 years later the malaria situation is almost sim-
ilar. It could be argued that the 1970s and 1980's decades
where characterized by the emergence and rapid spread of
malaria parasite strains resistant to first line anti-malari-
als, vector resistance and generalized collapse of public
health services, nevertheless, in the absence of appropriate
and adequate malaria control interventions, most likely
malaria infection rates may have reverted to natural pre-
operational levels.
Data from a longitudinal field research with a strong focus
on epidemiology and entomology conducted during the
1970's, in Garki have demonstrated that malaria in tropi-
cal Africa is characterized by high levels of transmission
and the pattern of malaria endemicity is maintained by
highly effective vectors. Regardless of high coverage rates
of residual spraying with an effective insecticide against
the mosquito vectors, combined with mass drug adminis-
tration at high frequency and coverage, reduction on
malaria transmission to low levels was observed, but
interruption could not be achieved [19]. Equally, in some
tropical regions, the global campaign to eradicate malaria
produced enormous reductions in the burden of disease.
However, malaria cases rebounded dramatically after ces-
sation of control activities [20]. Similar results were
reported from repeated cross-sectional survey data col-
lected from one historical trial of indoor residual spraying
against malaria vector in two contiguous districts in Tan-
zania-Kenya the Pare-Taveta project [21].
This study confirmed that malaria especially that caused
by P. falciparum, continues to be a major scourge through-
out the country and therefore represents a large public
health problem. Young children bear the brunt of the
infection and this implies exposure to intense malaria
transmission. Parasite rates in children may well guide to
a classification of the malaria endemicity, as described by
Metselaar and van Thiel [20]. The method has been rou-
tinely used as a "border line" marker of malaria endemic-
ity levels across sub-Saharan Africa [20,22]. In general,
along the coastline and in the flat terrains in the northern
regions, malaria transmission can be categorized as hyper-
endemic. While in the highlands strata across central and
southern regions can be categorized as mesoendemic.
Moreover, results of this study strongly support the find-
ing that P. falciparum malaria plays a key role in the bur-
den of anaemia [24,17,26]. The results have shown high
levels of anaemia, particularly among younger children.
These findings are in agreement with results from studies
in other malaria-endemic areas [23,25]. Similarly, the
finding that parasitized children carried a strikingly high
burden of anaemia compared to non-parasitized children
corroborate with results from other community surveys
carried out in malaria-endemic areas [25-27]. Neverthe-
less, other risk factors such as nutritional deficiencies
mainly iron and folate deficiencies, intestinal parasitic
diseases such as bilharzias, intestinal helmintics have
been associated with high prevalence of anaemia during
childhood [28,23]. Anaemia impacts on survival and cog-
nitive development during childhood. Poor intellectual
performance and decreased physical exercise have been
associated with low haemoglobin concentration in chil-
dren [29]. Given that anaemia is a key risk factor for sur-
vival and cognitive development, its control should
become a public health priority for the country.
Conclusion
The burden of malaria disease and anaemia-related
malaria during childhood constitutes a major public
health problem. According to 1997 population census
projection, if we apply the age regional and stratum spe-
cific prevalence rates for malaria infection and anaemia, at
a position in time in the country we can estimate absolute
numbers accordingly. Thus, approximately 2.6 million of
children less than 10 years of age are expected to harbour
P. falciparum malaria parasites and approximately 3.8 mil-
lion are expected to be anaemic. The majority of these
children inhabit the coastal and plateau strata in the
northern regions.
Integrated and collaborative malaria control interventions
are warranted. Intermittent preventive treatment, insecti-
cide treated nets, mass de-worming, iron, and vitamin A
supplementation programmes have already proven to be
cost-effective interventions, particularly in areas lacking
adequate health care services. In future malaria vaccines
may also contribute to improving control and prevention
efforts. Moreover, estimations of the disease burden
caused by malaria are essential for planning cost-effec-
tively malaria control interventions, monitoring and
advocacy.
Competing interests
The authors declare that they have no competing interests.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Malaria Journal 2008, 7:216 http://www.malariajournal.com/content/7/1/216
Page 11 of 11
(page number not for citation purposes)
Authors' contributions
SJAM, made a substantial contribution on conception and
design of the study, co-ordinated and supervised data col-
lection in all regions, executed all statistical analysis and
wrote the manuscript. SLRC, co-ordinated and supervised
data collection in the central-northern region, revised the
manuscript. LQ made a major contribution on study
design and helped with statistical analysis. PA gave a
major contribution on conception and study design and
helped to draft and critically revised the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
We thank all mothers and parents of all children for their co-operation and 
participation in this study. Special thanks to field and laboratory staff from 
the National Malaria Control Programme, the National Institute of Health 
and from the Centro de Investigação em Saúde da Manhiça (CISM). We are 
very grateful to all community leaders for their support during the survey. 
This study was funded by the government of Mozambique, CISM, and the 
Spanish Agency of International Cooperation (AECI) grant.
References
1. Snow RW, Craig MH, Deichmann U, Marsh K: Estimating mortal-
ity and disability due to malaria among Africa's non-preg-
nant population.  Bull World Health Organ 1999, 77:624-640.
2. WHO: WHO Africa Malaria Report.  World Health Organiza-
tion, Geneva; 2002. 
3. Snow RW, Craig MH, Newton CRJC, Stekete RW: The public
health burden of Plasmodium falciparum malaria in Africa:
deriving the numbers.  Bethesda, MD: Fogarty International
Center, National Institutes of Health; 2003. 
4. Breman JG, Alilio MS, Mills A: Conquering the intolerable bur-
den of malaria: What's new, what's needed: a summary.  Am
J Trop Med Hyg 2004, 71:1-15.
5. Snow RW, Guerra CA, Noor AM, Myint HY, Hay SI: The global dis-
tribution of clinical episodes of Plasmodium falciparum
malaria.  Nature 2005, 434(7030):214-217.
6. WHO:  World Health Report 2005.  2005 [http://rollbackma
laria.org/wmr2005].
7. Alonso PL, Smith T, Schellenberg JR, Masanja H, Mwankusye S, Urassa
H, Bastos de Azevedo I, Chongola J, Kobero S, Menendez C, Hurt N,
Thomas MC, Lyimo E, Weiss NA, Hayes R, Kitua AY, Lopez MC, Kil-
ama WL, Teuscher T, Tanner M: Randomised trial of efficacy of
SPf66 vaccine against Plasmodium falciparum malaria in chil-
dren in southern Tanzania.  Lancet 1994, 344:1175-1181.
8. Snow RW, Marsh K: New insights into the epidemiology of
malaria relevant for disease control.  Br Med Bull 1998,
54:293-309.
9. Mung'ala VO, Snow RW: Death registration on the Kenyan
Coast.  East Afr Med J 1994, 71:747-750.
10. Rowe AK, Rowe SY, Snow RW, Korenromp EL, Armstrong Schellen-
berg JRM, Stein C, Nahlen BL, Bryce J, Black RE, Steketee RW: The
burden of malaria mortality among African children in the
year 2000.  International Journal of Epidemiology 2006, 35:691-704.
11. Omumbo J, Ouma J, Rapuoda B, Craig MH, Le Sueur D, Snow RW:
Mapping malaria transmission intensity using geographical
information systems (GIS): an example from Kenya.  Ann Trop
Med Parasitol 1998, 92:7-21.
12. Snow RW, Marsh K, Le Sueur D: The need for maps of transmis-
sion intensity to guide malaria control in Africa.  Parasitol Today
1996, 12:455-457.
13. Hay SI: An overview of remote sensing and geodesy for epide-
miology and public health application.  Adv Parasitol 2000,
47:1-35.
14. Najera JA: Malaria and the work of WHO.  Bull World Health
Organ 1989:229-243.
15. Marsh K, Snow RW: Host-parasite interaction and morbidity in
malaria endemic areas.  Philos Trans R Soc Lond B Biol Sci 1997,
352(1359):1385-1394.
16. Bloland PB, Boriga DA, Ruebush TK, McCormick JB, Roberts JM,
Oloo AJ, Hawley W, Lal A, Nahalen B, Campbell CC: Longitudinal
cohort study of the epidemiology of malaria infections in an
area of intense malaria transmission II. Descriptive Epidemi-
ology of malaria infection and disease among children.  Am J
Trop Med Hyg 1999, 60(4):641-648.
17. Soeiro A, Morais T: Subsídios para o estudo da endemia da
malária no distrito de Moçambique.  Anais do Instituto de Higiene
e Medicina Tropical 1959, 16:159-167.
18. Molineaux L, Gramiccia G: The Garki Project: Research on the
Epidemiology and Control of malaria in the Sudan savannah
of West Africa.  Geneva: World Health Organization; 1980. 
19. Bruce-Chwatt L: Malaria and its control: present situation and
future prospects.  Annu Rev Public Health 1987, 8:75-110.
20. Sama W, Killeen G, Smith T: Estimating the duration of Plasmo-
dium falciparum infection from trials of indoor residual spray-
ing.  Am J Trop Med Hyg 2004, 70:625-634.
21. Molineaux L: The epidemiology of human malaria as an expla-
nation of its distribution, including some implications for its
control.  Malaria: Principles and Practices of Malariology 1988,
II:913-998.
22. Hedberg K, Shaffer N, Davachi F, Hightower A, Lyamba B, Mbudi
Paluku K, Nguyen-Dinh P, Breman JG: Plasmodium falciparum -
associated anaemia in children at a large urban hospital in
Zaire.  Am J Trop Med Hyg 1993, 48:365-371.
23. Premji Z, Hamisi Y, Shiff C, Minjas J, Lubega P, Makwaya C: Anaemia
and Plasmodium falciparum infections among young children
in a holoendemic area, Bagamoyo, Tanzania.  Acta Trop 1995,
59:55-64.
24. Schellenberg D, Armstrong-Schellenberg JRM, Mushili A, de Savigny
D, Mgalula L, Mbuya C, Victora CG: The silent burden of anaemia
in Tanzanian children a community-based study.  Bull World
Health Organ 2003, 81:581-590.
25. McElroy PD, Ter Kuile FO, Lal AA, Bloland PB, Hawley WA, Oloo AJ,
Monto AS, Meshnick SR, Nahlen BL: Effect of Plasmodium falci-
parum parasitaemia density on haemoglobin concentrations
among full-term, normal birth weight children in western
Kenya, IV. The Asembo Bay cohort project.  Am J Trop Med Hyg
2000, 62:504-512.
26. Ekvall H, Premji Z, Bennett S, Bjorkman A: Haemoglobim concen-
tration in children in a malaria holoendemic area is deter-
mined by cumulated Plasmodium falciparum parasite
densities.  Am J Trop Med Hyg 2001, 64:58-66.
27. Greenwood BM, Bradley AK, Greenwood AM, Byass P, Jammeh K,
Marsh K, Tulloch S, Oldfield FS, Hayes R: Mortality and morbidity
from malaria among children in a rural area of The Gambia,
West Africa.  Trans R Soc Trop Med Hyg 1987, 81:478-486.
28. Lozoff B, Jimenez E, Wolf A: Long-term developmental out-
come of infants with iron deficiency.  N Engl J Med 1991,
325:687-695.